Fast efflux of Ca2+ mediated by the sarcoplasmic reticulum Ca2(+)-ATPase.
The Ca2(+)-ATPase found in the light fraction of sarcoplasmic reticulum vesicles can be phosphorylated by Pi, forming an acylphosphate residue at the catalytic site of the enzyme. This reaction was inhibited by the phenothiazines trifluoperazine, chlorpromazine, imipramine, and fluphenazine and by the beta-adrenergic blocking agents propranolol and alprenolol. The inhibition was reversed by raising either the Pi or the Mg2+ concentration in the medium and was not affected by the presence of K+. Phosphorylation of the Ca2(+)-ATPase by Pi was also inhibited by ruthenium red and spermidine. These compounds compete with Mg2+, but, unlike the phenothiazines, they did not compete with Pi at the catalytic site, and the inhibition was abolished when K+ was included in the assay medium. The efflux of Ca2+ from loaded vesicles was greatly increased by the phenothiazines and by propranolol and alprenolol. In the presence of 200 microM trifluoperazine, the rate of Ca2+ efflux was higher than 3 mumol of Ca2+/mg of protein/10 s. The activation of efflux by these drugs was antagonized by Pi, Mg2+, K+, Ca2+, ADP, dimethyl sulfoxide, ruthenium red, and spermidine. The increase of Ca2+ efflux caused by trifluoperazine was not correlated with binding of the drug to the membrane lipids. It is concluded that the Ca2+ pump can be uncoupled by different drugs, thereby greatly increasing the efflux of Ca2+ through the ATPase. Displacement of these drugs by the natural ligands of the ATPase blocks the efflux through the uncoupled pathway and limits it to a much smaller rate. Thus, the Ca2(+)-ATPase can operate either as a pump (coupled) or as a Ca2+ channel (uncoupled).